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Organosilicon 

We, Union Carbide CoRPORAnw, of 270, 
Park Avenue, New York, State of New York, 
United States of America, a Corporation 
organised under the laws of the States of New 
York, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be parti- 
cularly described in and by the following 
statement:— » 

The present invention relates to novel 
or g an o sil i con compositions, pardcularly to 
novel organosilicon polyoxyalkylene organic 
surfactant compositions useful in aqueous 
systems. 

Surfactants, or surface-active agents, have 
been iseviously defined in the art as solutes 
which possess the property of altering the 
surface or interfadi characteristics of their 
soiuticais to an unusual extent 

It has now been found that the surface 
Tension of an aqueous solution of organic 
surfactant can be lowered to a marked extent 
and its surface active properties thereby 
appreciably increased when an organosilosane- 
oxyalkylene block copolymer as hereinafter 
described is present 

The organosiJoxane-oxyalkylene block 
copolymer should be somewhat water-soluble 
or have an affinity for water in order to aid 
in the surfactant activity. These block co- 
polymers are especially useful in this respea 
since unlike most water soluUe ozganosilicon 
compounds, they do not hydrolyze upon stand- 
ing in wattt solution. Undesirable ^-product 
contaminad<m is thus avoided and surfactant 
activity is maiDfained at highest effectiveness. 

According to the present invention therefore 
there is provided a composition suitable for use 
in reducing the surface tension of aqueous 
sdutions ^w^ch comprises (1) an organic sur- 
factant and (2) an cffgano-siloxane-oxyalkylene 
block copolymer comprising (a) at least one 



C}omposiiioii& 

siloxane block containing at least two siloxane 
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unhs tqnesented the f otmula 
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(I) 



wherein each R is a monovalent hydrocarbon 
radical, a hakigen-substituted monovalent 
hydroarbon radical or a divalent hydrocarbon 
radical and preferably each R ccmtains from 
1 to 20 carbon atoms, and is 1,2 or 3, said 
siloxane bbck containing at least one of said 
siloxane imits wherein at least one R radical 
is a divalent hydrocarbon radical, and (b) at 
least one oxyalkylene block containing at least 
two oxyall^lene groups represented by the 
formula — R'O — ^ wherein R' is an alkylene 
radical preferably containing from 2 to 10 
carbon atoms, said siloxane and oxyall^lene 
blocks being interconnected by said divalent 
hydrocarbon radical 

The orpinosiioxane-oxyalkylene copoly- 
mers useful in the compositions of this invcn- 
tion are of the class that are known as " block " 
copolymers. Block copolymers are composed 
of at least two sections or bloch at least one 
section or blod: composed of (me type of 
recurring units (e.g^ siloxane vmks as m the 
copolymers useful in this invention) and at 
lost one other section or block composed of a 
d^crent type of recurring groups (e.g. asy- 
alkyicne groups as in the copolymers useful 
in this invention). Block copolymere can have 
linear, cyclic, branched or cross-Unked 
structures. 

The radicals represented by R can be the 
same of different in any given siloxane imit or 
throughout the siloxane bloci, and the value 
of ft in the various siloxane units in the 
silbxarie block can be the same or different. 
The divalent hydrocarbon radicals represented 
fay R link the siloxane block to the oxyalkylene 
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aliphatic radicals (e.g., the cyclohexyl and the 
cydopent}'! radicals), the aryl radicals (e.g. the 
phenyl, tolyl, rylyl, naphthyl and tciphenyl 
radicals), the aralicyJ radicals, e.g., the benzyl 
5 and betaphenylethyl radicals), the unsaturated 
linear aliphatic radicals (e.g., the vinyl, allyl 
and hexcnyl radicals) and the unsaturated 
cydoaliphatic radicals (e.g. the cydohexenyl 
radical). 

10 Illustrative of the halogen-substituted mono- 
vakni hydrocarbon radittls represented by G 
are the chloromethy^ trichloroethyl, perfluoro- 
vinyl, para - bromobenzyl, iodophenyl, alpha- 
chloro - beta - phenylethyl, para - cfalorotolyl 

15 and bromocydohexyl radicals. 

Preferably, the G and G' radicals [induded 
in the definition of R in formulae (1) and 

n a) above] contain from one to twenty 

carbon atoms and the G" radicals [induded 

20 in the definition of R' in formula (2) above] 
contain from two to ten carbon atoms. When 
the G'" radical is a monovalent hydrocarbon 
radical free of aliphatic unsaturadon it prefer- 
ably contains from one to twelve carbon atoms. 

25 Illustrative of the divalent hydrocarbon radi- 
cals lepresented by G' in formulae (3), (4) and 
(5) are the alkylene radicals (e.g., the mediyl- 
ene, ethylene, 1,3 -propylene, 1,4-butylaie, 
1,12-dodecylene and 1,20-eicosylcne radicals), 

30 the arylene radicals (e.g., the phenylene 
radical) and the alkarylene radicals (e.g., the 
phenylcthylcne radicals). In formulae (3), 
(4) and (5), G' is preferably an alkylene 



radical containing at least two carbon atoms. 

Illustrative of the alkylene radicals contain- 
ing at least two carbon atoms represented by 
G" in formulae (3), (4) and (5) are the 
ethylene, 1,2-propylene, 1,3 -propylene, 1,6- 
bexylene, 2-ethylhexylene-l,6 and 1,12-do- 
decvlene radicals. 

Illustrative of the radicals represented by 
G'" in formulae (3), (4) and (5) are the 
saturated linear or brandied chain aliphatic 
hydrocarbon radicals (e.g., the methyl, ethyl, 
propyl, N-butyl, tert.-butyl and decyl radicals), 
the saturated cydoaliphatic hydrocarbon radi- 
cals (e.g., the cyclopentyl and cyclohexyl radi- 
cal, the aryl hydrocarbon radicals (e.g., the 
phenyl, tolyl, naphthyl and xylyl radicals), and 
the aralkyl hydrocarbon radicals (e.g., the 
benzyl and betaphenylethyl radicals. 

The siloxanc-oxyalkylene blodc cop^rncrs 
useful in rht compositions of tbis invention 
can be prepared by several convenient 
methods. For example, the copolymers useful 
in this invention can be produced by a pro- 
cess that involves forming a rnixture of a 
siloxane polymer containing a silicon-bonded, 
radical and an alkali metal salt of an oxyalkyl- 
cne polymer and heating the mixture to a 
temperature suffidently elevated to cause the 
siloxane polymer and the salt to react to pro- 
duce the copolymer. This process is referred 
to herein as the " metathesis process '* and it 
iirvolves a metathesis reaction that can be 
illustrated by the following equation: 
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(6) SILOXANE-(OSiR'X).+(MO).— OXYALKYLENE 



SILOXANE— (OSiR=0),—OXYALKYLENE-hr MX 
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wherein R- is a divalent hydrocarbon radical, 
r is an integer that has a value of at least 1 
and preferably 1 to 4, X is a halogen atom, M 
is an alkaH metal, SILOXANE denotes a 
siloxane block and OXYALKYLENE denotes 
an oxyalkylene block. 

The copolymers useful in this invention can 
also be produced by another process (termed 
the " addition process ") that involves fonning 
a mixture of a siloxane polymer containing a 



hydrogen-siloxy group (Le., a HSiC^group), 

an oxyalkylene polymer containing an alkenyl- 
oxy chain terminating radical and a platiniun 
catalyst and heating the mixture to a tempera- 
ture sujSdently elevated to cause the siloxane 
polymer and the oxyalkylene polymer to react 
to produce the copolymer. The latter-men- 
tioned reaction is an addition reaction tiiat can 
be illustrated by the following equation: 



(9) 

OXYALKYLENE— <OR')r+[HSiO—]r SILOXANE- 



OXYALKYLENE- [OR'SiO— ]r SILOXANE 



wherein OXYALKYLENE, SILOXANE and 
r have the meaning defined for formula (6), 
OR"* is an alkenyloxy radical (sudi as, the 
vinyloxy and the aUyloxy radicals) and R' is 
an alkylene radical containing at least two 
successive carbon atoms. The addition pro- 
cess is applicable to the production of those 



copolymers of this invention containing a 
siloxane block that is linked to an oxyalkylene 
block by an alkylene radical that has at least 
two successive carbon atoms (e.g., an ethylene, 
1,2-propylene or 1,2-butylcne radical). 

When the polysiloxane-cncyalkylenc block 
copolymer contains silicon-bonded hydrogen 
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that is attributable to the silosane blocks can 
be as high as 50,000 or greater. 

Water-solubility of the copol37mer is 
enhanced 'when 3^' contains less than three 

5 carbon atoms. It is therefore important that 
at least one — C2H4O — group be present in 
the copolymer for it to be at least partiaDy 
water-soluble. Illustrative of the oxyalkyiene 
groups that are lepnesented by fOTmuLa (2) are 

10 the oxyethykne, ory - 1,2 - propylene, oxy- 
1,3 - propylene, oxy - 2,2 - dimetibyl - 1,3 - 
propylene, and oxy - 1,10 - decyicne groups. 

The oxyalkyiene blods in die copolymers 
useful in the compositiQas of this inventicm can 

l5 contain one or more of the variotis types of 
oxyalkyiene groups represented by formula 
(2). By way of illustration, the oxyalkyiene 
blocks can ccmtain only oxyethylene groups or 
only oxypropyiene groups or both oxyethylene 

20 and oxypropyiene groups, or other combina- 
dons of the various types of cncyalkyicne 
groups or only oxypropyiene groups or both 
oxyethylaie and oxypropyiene groups, or other 
combinations of the various types of oxyalkyl- 

25 ene groups r^resented by formula (2). 

The oxyalkyiene blocfa in the oopoiymers 
useful in the c(Hi^>ositions of this mvendon 
can contain organic chain-terminating groiq>s. 
By way of iUustratiop, the oxyalb^ene blodc 

SO can contain such chains-terminating groiqss as 
the hydroxy group, the aryloxy radical (such 
as, the phenoxy radical), the alkoxy radical 
(such as, the methoxy, ethoxy, propoxy and 
bucoxy radical) and a&enyloxy radical (sudi 

35 as, the vinyloxy and the allyloxy radicals). 
Also, a single group can serve as a diain- 
tenninating group for mwre than one oxyalkyi- 
ene block. For example the glyoeio^ groi^), 

( I I 

000 



40 can serve as a chain-terminating group for 
three oxyalkyiene chains. 

Preferably, each oxyalkyiene block contains 
at least four groups, represented by the formula 
— R'O — in which R' has the miming given 

45 above. That part of the average molecular 
weight of the copolymer that is attributable to 
the oxyalkyiene blodss can vary from 88 for 
(CjH^O)^ to 50,000 or greater. 
^ The block copolymers useful in the composi- 

50 tions of this invention may contain siloxane 
blocb and oxyalkyiene blocks in any relative 
amount In order to possess desirable pio- 
perties, the copolymer preferably contains 
from 5 to 95 parts by wei^ siloxane blocks 

55 and from 5 to 95 parts by weigiit of oxyalkyi- 
ene blocks per 100 parts by wei^t of the co- 
polynaer. More preferably, the copolymers 
contains 5 to 50 parts by weight of the 
siloxane blodcs and £rom 50 to 95 parts by 

60 weight of the oxyalkyiene blocis per 100 parts 
by weight d the ccpolymer. 



The block copolymers useful in the composi- 
tions of this invention may contain more than 
one of each of the blocks and the blocks can be 
arranged in "various configurations such, as 65 
linear, cyclic or branched configurations. By 
way of illustration, the following classes of 
compounds are among the siloxane-oxyalkyl- 
ene block copolymers useful in the formula- 
tions of this invention: 70 

(A) Copolymers that contain at least one 
unit that is represented by the f cnrmula : 



(3) G'"(OG'0oOG'SiO,-, 



(B) Copolymers that contain at least one 
unit that is represented by the formula: 75 

(4) 0,^SiG'0(G"0)nG'SiO,«^ 
2 

(C) CcfpcAymeis that contain at least one 
unit tiiat is represented by the formula : 



(5) 



G'"(OG">nOG' 



Gc 
I 

SiO,^ 



In the above formulae (3), (4) and (5), G is a 80 
monovalent hydrocarbon radical or a halogen- 
substituted monovalent hydrocarbon radical, 
G' is a divalent hydrocarbon radical, G" is an 
alkylene radical containing at least two carbon 
atoms, G'" is a hydrogen atom or a mono- 85 
valent hydrocarbon radical free of aliphatic 
unsaturation, n is an integer having a value of 
at least two, andcisO, lor2in fonnulae 
(3) and (4) and 0, or 1 in formula (5). In 
formulae P), (4) and (5), G can represent the 90 
same or different radicals, n preferably, has a 
value of from two to 30 and G" can represent 
^ same or different radicals, Le. the group 
(OG")b can represent, for example, the 



-(pC^R,),-, -(OOH.), (OQH,),-, 
-(OQH,)^ or -^OQH,)p(OC.Hle),-, 

where p and q are integers having a vahie of 
at least one. 

The monovalent hydrocarbon radicals and 100 
halogen-substituted mimovalent hydrocasixm 
radicals represented by G in formulas (3), (4) 
and (5) can be saturated or olefinically un- 
saturated, or can contain benzenoid unsatura- 
tion. Illustrative of the monovalent hydro- 105 
carbon radicals rqaesented by G are the linear 
al^hatic radicals (eg. the methyl, ethyl, decyl, 
octadecyl ami eioosyl radicals^ tb& cj/do- 
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su^hate, trieihanolamine ammonium lauryl j 
sulphate, sodium 2-cthyJhexanol sulphate, 
sodium cetyl sulphate, ammonium nonylphenyl 
polyglycol ether sulphate, sodium oieyl sul- i 
5 phate, ammonium nonylphenoltetraethoxy \ 
sulphate, sodium nonylphenoitetraethoxy sul- ( 
phate, triethanolamiae nonylphenoltetraethoxy ^ 
sulphate, monoechanolaminc lauryl ether sul- i 
phate, magnesium lauryl ether sulphate; and i 

JO polyethylene glycol dodccylthioether. ( 
Cationic surfactants useful in the present i 
inventicm can be amine salts, such as, dodecyl i 
dimethyl amine acetate, cetyl dimethyl amine ] 
oxide, cetyl pyridinium chloride, stearyl di- i 

15 methyl benzyl ammonium diloride, lauryl 
pyridium chloride; heterocyclic amines, such i 
as, N . cetyl - piperidine and N - steaiyl- 
piperidine; and sulphated cresylic add. ^ i 
Nonionic surfactants can be fatty substituted i 

20 alcohols, such as, aceiylated lanolin alcohols, ' 
nonylphenoxy polyethylene ethanol, oxtyl- i 
phenoxy-poly (ediylenoxy)ethanol, nonyl- 
phenolpolyglycol ether alcoho!, octylphenol- i 
polyglycol ether alcohol, sorbitan mono-oleaie, ^ 

25 polyoxyethylene sorbitan tristearate; amine 1 
esters of farty carboxylic acids, such as, lauric \ 
add monoethanolamide, lauric acid isopro- 
panolaxnide, lauric add diethanolamide, i 
myristic diethanolamide; N-farty trimetbylene i 

30 diamine; and polyethylene glycol tert-dodeeyl i 
thioetfasr. ^ 
Amphoteric surfactants can be lecithin, I 
sodium N-coco beta - aminoprc^ionate;, di- i 
sodium N-tallow beta-amino dipropionate N- 1 

35 lauryl beta-aminopropionic acid, cetyl betaine, ' 
cetylaminoacetic acid, sodium N-methyl- 
taurate, and ethylene cycloimido - 1 - lauryl - < 
2 - hydroxy - 2 - ethylene sodium alcoholate- " 
2 - methylene sodium carboxylate. 1 

40 It should be noted that mixtures of organic i 
surfactants can also be used in compositions 
of the present invention in order to achieve ; 
desired results. 1 
It is known in the surfactant art, and esped- 

45 ally in the detergent art, that additives called 
" builders " can be employed to increase the i 
surfactant activity. In the case of detergents, 
the builders promote the detergent action and i 
aid in solubility. Such builders can also be 

50 employed in compositions of the present inven- ' 
tion. Inorganic materials, such as, alkaH metal 
carbonates, phosphates, borates and silicates, i 
are useful as builders. Such builders are quite ( 
useful with the sulphonic add and sulphuric ' 

55 ester detergents and even with some of the i 
nonionic types. Neutral reacting inorganic 
salts, such as, sodium sulphate and sodium ) 
diloride, also act as builders with these deter- ] 
gents. Organic builders can also be employed. 

95 Illusuative examples arc water-soluble, high- i 
polymeric, gums, starches, and proteins, i 
The sodium salt of cairboxymethyl i 
cellulose, methylccUulose, hydroxymethyl- j 
cellulose, sodiimi polyacryiate, urea, thioiuca, 

65 sodium dtrate, sodium lactate, fatty add 



amides and aikyiol amides, fatty acid nitriles 
and morpbolides can also be used. 

In the composition of the present invention 
the organosiloxane-cxyaikylene block copoly- 
mer is preferably present in an amoum from 
0.0001 to 1 wdght per cent based on total 
weight of the aqueous solution. The wdght 
ratio of the organosiloxane-oxyalkylene block 
copolymer to organic surfactant is from 
0.001/1 to 99/1 in the novd compositicms of 
the present invention. Preferably, die wd^t 
ratio of organosiloxane-oxyalkylene block co- 
polymer to organic surfaaant is from 0.05/1 

to 1/1, 

The mixture compositions of the present «v 
invention can be prepared in various ways. 
The organic surfactant and the organosiloxane- 
osjryalkylene block copolymer could first be 
mixed, and this mixture could be added to 
water whenever desired. An aqueous sohirion » 
of the organic surfactant could alternatively be 
first prepared and then the block copolymer 
could be added lo it. Still a furtiier procedure 
would be to prepare an aqueous solution of 
block copolymer and then add the organic sor- 90 
lactant to it. 

The compositions of the present inven&on 
may be used for example as detergents, 
emulsifiezs, foamers, wetting agents, dispersing 
agents, fiocculancs and penetrants. Specific 95 
uses are as detergents and scouring agcmts in 
household azul industrial cleaning application, 
car washes, rug and hair shampoos, bubble 
baths, upholstery deaners, cosxnetics, botde 
washers, dentifrices and shaving soaps. 100 

One use as a f oamer is in the inepaiation 
of foams useful to entrain air in concrete and 
dnder block mixes to provide concrete, dnder 
blocks are preformed concrete slabs having 
reduced densities. Anotiier such use is as ICS 
foaming type flotation agents in metal ore 
separation and lecoveiy systenis. They are 
particularly useful in producing detergent 
foams of high stability and bi^ foaming 
power in aqueous solutions. Oduer specific 110 
uses involve foam stabilisation and cmulsifica- 
tion of water-organic solvent mixtures (such 
as water-toluene). Further utility may be 
found as a dye resistant, textile dye le^sller, 
or dye dispersant 

The use of organo - silicon - mcyalkylenc 
compounds to increase foaming power of a 
detergent is particularly novd and unobvious 
when compared to the jmor use of oigano- 
silicon compounds as antifoam agents. 120 

The present invention also jnovides an 
aqueous solution comprising e s s en tially a com- 
position as hereinbefore described anid water. 
It is preferred that the organosiloxane- 
oxyalkylene block copolymer is present in an 125 
amount from 0.00001 to 75 waght per cent 
based on the total weight of tiie aqueous 
solution, and more preferably the organo- 
siloxane-oxyalkylene bbdc cc^olymer is pre- 
sent in an amount from 0.0001 to 1 wdght 130 
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atoms, i.e., contains units represented by 
formula (1 — ^a) described above, the addition 
process is preferable. If the metathesis pro- 
cess is used^ many of the siUcon-bcmded 

5 hydrogen atoms will react with the alicali metal 
ions present in xht reaction mixture. 

When the copolymers useful in this inven- 
tion contain olefinically unsaturated radicals 
attached to silicon, (for example, when R in 

10 formula (1) or (1— a) above is alkenyl or 
cycloalkenyl, such as vinyl or cydohexenyl) 
it is preferable to prepare these copolymers by 
addition of the alkenyloxy-tetminated oxyalkyl- 
ene polymer to a monameric, hydrolyzable 

15 sihnt containing silicon-bonded hydrogen, 
followed by cohydrolysis or co-condensation 
with other hydrolyzaWc silanes containing 
silicon-bonded hydrogen and siliccHi-bonded 
olefinically unsaturated hydrocarbon radicals 

20 using conventional techniques known to diose 
vraed in the art. For example, reaction of 

CH2 =CHCH2(0QH,),0CH^ 

with CHjSiHCls in the presence of a platinum 
catalyst followed by cohydroljreis of the pro- 
25 duct with CH2=CHSi(CH,)as, CH^SiHaa, 
and (CHa)3SiQ gives a copolymer useful in 
this invention containing units having the 
formulae 

CEI,0(C2H,0)eCH2CHsCH2Si(CH,)0, 

30 ai3=aiSi(CH0O and CH,SiHO, tcrmin- 
ated with (CHa)5SiO groups. 

Water-soluble organic surfactants or surface 
active agents which do not contain silicon and 
which are useful in the compositions of this 

35 invention can be conveniendy rlflgRtff<»d as 
anionic, cationic, nonionic and amphoteric. 
These surface active agents ate generally 
characterised structurally by an elongated non- 
polar portion having but litde aflanity for 

40 water or water-soluble systems and a short 
polar portion possessing hi^ aflSnity for water 
and water-sohible s^ems. He non-polar 
portion is hydrophobic and tiie polar portion 
fe hydrophilic. 

45 If the elongated, non-polar portion of the 
molecule is included in the mon in the 
aqueous solution, the surfactant is called 
anionic. Sodium stearate is a typical anionic 
surface active agent which ionizes in water to 

50 form a sodium cation and the Icmg-chain 
stearate anion which appears to be responsible 
for the surface activity. In the anionic class, 
the most commercially important anion groups 
are carboxy ( — COOI^, sulphonic add 

55 (—SO3H) and sulphuric ester (—OSO3H). 

The cationic or cation active surfactants 
ionize in vrater to form a caii(m containing the 
dongated non-polar porrian. Cetyi^)ytidinium 
chloride is an example. In the cationic class 

60 the most prevalent groups are primary, second- 



ary and teriary amino groups and the 
quaternary ammonium groups, Phosphonium 
and suiphonium groups are occasionally used. 

The nonionic surface active agents do not 
dissociate in water but nev^thdess are 65 
characterised by a relativdy polar portion and 
a rdativdy non-polar portion. An example 
is N - (beta - hydroxyethyl)laurylamide. 

The amphoteric surface active agents form 
zwitierions in water wherein a Tcamngement 70 
occurs within the molecuk so that the gam^ 
molecule possesses both an anion and a catiort 
Cetylaminoacetic add is an example. 

In tile majority of surfactants useful in this 
mventicm, the long-chain non-polar portion of 75 
the molecule is derived from a straight-<iain 
saturated hydrocarbon having from 8 to 24 
carbcm atoms. Generally, this long-diain por- 
tion is also a mixture of homologous radicals 
rather than a dearly defined individual radical %0 
Thus, the molecule will generally contain a 
mixmre of compounds rangmg from CbVo Qu 
but e^dally rich in the hydrocarfjon for 
which the compound is named. The " lauryl " 
surfactants tiius would be rich in Q^— C, 85 
chains. 

Dhistrative examples of water-sohible surt- 
factants useful in the competitions of Ae pre^ 
sent invention are as follows. 

Anionic surfactants can be carboxylic addsj W 
sudj as, Qb — Q4 straight-chain saturated adds, 
oleyloxamic add, N - dodecyi - N - hexyl- 
phthalamic acid^ alkali metal sate of 
Cg — C24 straight-chain saturated adds, such 
as, sodium stearate sodium laurate^ akali metal 95 
salts of oldc add, such as, sodium oleate; al- 
kane sulphonic adds and alkyl artanatic sul- 
phonic adds, such as, dodecylbcnzcne sul- 
phonic add; esters of alkane sulphonic adds, 
such as, disodmm-N-octadecyl-sulphosucdna- 100 
mate, tetrasodium-N(l,2-dicarbQxyetiiyl)-K. 
octadecylsulphosucdnate, diamyl ester of 
sodium sulphosuccinic add, dihexyl ester of 
sodium sulphosuccinic adi dioctyl ester of 
sodium sulphosuccinic add, bis (tridecyl) ester 105 
of sodium sulphosuccinic add, isoprc^yl 
naphthalene sodium sulphonate, dodecylbenz- 
ene sodium sulphonate, sodium dodecyldi- 
phenyl oxide disulphonate, sodium dodecyl 
naphthalene sulphonate^ ammonium tridecyl HO 
benzene sulphonate, amidometfaylphenyl sul- 
phonate, triethanolamme dodecylbenzene sul- 
phonate, sodium lauryl sulphoacetate; alkali 
metal salts of substituted carboxylic adds, such 
as, sodium N - methyl - N - oleyl taurate, 115 
sodium lauiroyl isothicmate, sodium N - cydo- 
hexyl - N - palmitoyi taurate, sodium N - 
methyl - N - palmitoyi taurate; sulpbnic 
esters, such as, sodium teteradecyl su^hate, 
ammonium lauryl sulphate, dietfaanolamine 120 
lauryl sulphate, magnesium lauryl sulphate, 
potassium lauryl sulphate, triethanolaminc 
lauryl sulphate, sodium lauryl sulphate, sodium 
lauryl c6aex. sulphate, ammonium lauryl ether 
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per cent based on total weight of the aqueous 
solution. 

The present invention further provides a 
detergent composition capable of producmg 

5 detergent foams of high stability in aqueous 
solution which consists essentially of (1) an 
organic detergent surfactant, (2) an organo- 
siloxane - oxyalkylene blod: cop lymcr com- 
prising (a) at least one siloxane block coniain- 

10 ing at least two siloxane units represented by 
the formula: 

RbSiO,--b 



wherein R is a monovalent hydrocaibon radi- 
cal, halogen-substituted mcaiovalent hydro- 

15 carbon radical, or a divalent hydrocarbon 
radical and & is 1, 2 or 3, said siloxane blod: 
containing at least one of said siloxane units 
wherein at least one R radical is a divalent 
hydrocarbon radical, and (b) at least one 

20 oxyalkylene block containing at least two 
oxyalkylcne groups represented by the formula 
_R'0— , wherem R' is an alkylene radical, 
said siloxane and oxyalkylene blocks being 
interccfflnected by said divalent hydrocaibon 

25 radical, the wei^ ratio of organo - siloxane- 
oxyalkyl^ blodc copolymer to organic deter- 
gent surfactant is piefeiably from 0.001/1 to 
99/1. 

The present invention also includes an 
30 aqueous solution capable of producing deor- 
gent foams of high stability which consists 
essentially of a detergent composition as des- 
cribed above and water, said solution prefer- 
ably containii^ from 0.001 to 75 wd^t per 
35 cent of organosiloxane-oxyalkylene block co- 
polymer based on the total weight of the 
solution. 

The present invention will now be further 
described by way of example and by reference 
40 to the formula drawings accompanying ^e 
provisional specification, in i^ch: — 
Figs. 1 to 15 represent examples ^f 



hydrolytically stable siloxane-oxyalkyiene block 
copolymers whidi may be used in the com- 
positions of the present invention. In these 45 
figures X is an integer. When die formula 
shown represents a unit of a polymer, it is to 
be understood that the polymer is terminated 
by chain-terminating groups of the type des- 
cribed above, and 50 

Figs. 16, 17 and 18 represent examples of 
organosiloxane-oxyalkylene block copolymers 
which are especially useful in the compositions 
of the present invention. 

The following Examples further illustrate 55 
the present invention without limiting it an 
ai^ way. 

Example 1. 
Aqueous solutions containing 1% by weight 
of sodium lauryl sulphate modMed widi differ- 60 
ent amounts of an organosiloxane-oxyalkylene 
block copolymer having the average formula 



OSi(CH5)3 



were prepared. Aliquot portions (50 mL) ol 
these solutions were diluted in 500 mL gradu- 65 
ated flasks to reduce the solution concentration 
by a factOT of 10. This procedure was 
repeated using the weak solutions to obtain 
concentrations as low as 0.001i% by weigjit. 
Tile surface tension of each solution was 70 
measured using ^ DuNouy Ring Method as 
described in ASTM— D— 1331— 5+— T. The 
solutions were agitated and foam heights were 
measured at room temperature with die Ross 
ZVliles Foam Apparatus. This apparatus and 75 
method are described in detail in "Tergitol 
Surfactants" pages 30—31, published by 
Union Carbide Chemicals Company. 

The results of these tests are shown in the 
following table. 
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WHAT WE CLAIM IS: — 

1. A composition for ledudng the surface 
tension of an aqueous solution comprising an 
organosiioxane - oxyalkylcne block copolymer 
together with an organic surfactant, said blods 
copolymer comprising at least one oxy-alkylene 
block and at least one siloicane block said ory- 
aikylene block containing at least two oxy- 
alkylene groups represented by the formula: 

in which R' represents an alkylene radical, said 
siloxane block containing at least two silosane 
units of the formula: 

RbSiO^ 



in which R is a monovalent hydrocarbon 
radical, a halogen substituted monovalent 
hydrocarbon radical or a divalent h3wirocaitwm 
radical and b is 1, 2 or 3, said siloxane block 
cfflit^ypipg at least one said silozane unit in 
whidi at least one R radical is a divalent 
hydrocarbon radical, said oxyalkykne and 
siloxane blocks being interconnected by said 
divalent hydrocarbon radicals. 

2. A composition as claimed in claim 1 in 
which said siloxane block also comprises at 
least one siloxane unit of the formula : — 



Hr 

ReSiO^-HK-f 



(1-41) 



10 



15 



20 



25 



30 



S5 



in which R has the meaning given in cl a i m 1, 
is 0, 1 or 2, f is 1 or 2 and (e+f) is 1, 2 or 3. 

3. A composition as claimed in claim 1 or 2 
in which the radical R cantains at most 20 
carbon atoms. 

4. A composition as claimed in any of 
claims 1 to 3 in whidi said oxyalkylene block 
contains at least 4 of said oxyalkylene groups. 

5. A composition as claimed in any of claims 
1 to 4 in which R' contains from 2 to It) 
carbon atoms. 

6. A composition as claimed in claim 5 m 40 
whidi R' contains 2 or 3 carbon atoms. 

7. A composition as claimed in any of die 
preceding cl? w *^ s in which said siloxane block 
contains a total of at least 5 siloxane miits of 
the formulae 1 and la. 

8. A composition as claimed in any of the 
preceding daims in which the portion of the 
average molecular weight of the Wodk. copoly- 
mer attributable to ibt siloxane blocks is at 
most 50,000. 

9. A composition as claimed in any of the 
preceding cl fti ^' s in which the portion of the 
average molecular weight (rf the blo^ copoty- 
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mer attributable to ^e ozyalkylene blocks is 
froni 88 to 50,000. 

10. A compositioji as claimed in any of the 
preceding claims which contains from 0.001 

5 to 99 parts by weight of block copolymer per 
part by weight of organic surfactant 

11. A composition as claimed in cla trri lo 
which contains from 0.05 to 1 part by weight 
of block copolymer per pan by weight of 

10 organic surfactant 

12. A composition as claimed in any of the 
preceding claims in which the block cq>olymer 
contains from 5 to 95 pans by weight of 
organo siloxane blocks and from 5 to 95 parts 

15 by wei^ of azyalkylene blods per 100 parts 
by weight of block copolymer. 

13. A con^siticm as daimed in daim 12 
in which the Uodc copolymer contains foom 5 
to 50 parts by weight of organosUoxane blodcs 

20 and frwn 50 to 95 parts by wdght of oxyalkyl- 
eoe blocks. 

14. A composition as daimed in any of the 
preceding daims m which the block copolymer 
comprises one or more units of the formula: 



25 G'"(OG")„OG'Si (3) 

2 

in which G represents a monovalent hydro- 
carbon radical or habgenated hydnm'bon 
radical C i-epre s c a ts a divaloat hydrocarbon 
radical, G^' represents an alkylene radical of 

30 at least 2 carbon atoms, G''' is a hydrogen 
atom or a monovalent h3rdrocarban radical 
free ttom. aliphatic unsaturation, n is an integer 
of at least 2 and c is 0> 1 or 2. 
15. A composition as claimed in any of 

35 daims 1 to 13 in which the copolymer contains 
one or more units of the formula 



Gc G, 
0,_^iG'0(G''0)oG4i03^ (4) 

2 i 

in which G, G', G", n and c have the mean- 
ings given in claim 14. 

16. A composition as daimed in any of 
daims 1 to 13 in which "die copolymer contains 
one or more vmts of the formula : 



40 



C'COG'OuOG' 



sSiOa 



(5) 



in whidi G, G', G", G"' and n have the 
meaning given in daim 14 and c is 0 or 1. 45 

17. A composxtion as daimed in any of 
claims 14 to 16 in which G contains at most 
20 carbon atoms. 

18. A composidon as claimed in any of 
daims 14 to 17 in which G' contains at most 50 
20 carbon atoms. 

19. A compositicHi as daimed in any of 
claims 14 to 18 in which G" contains from 
2 to 10 carbon atoms. 

20. A ccKnposition as claimed in any of 55 
daims 14 or 16 to 19 in which G'" is a 
monovalent hydrocarbon radical f^ from 
aliphatic unsaturation containing at most 12 
carbon atoms. 

21. A composition as daimed in any of 60 
daims 14 to 20 in which n is an integer of 
from 2 to 30. 

22. An acjueous solution of a composidon 
as daimed m any of the preceding claims. 

23. An aqueous solution as claimed in daim 65 

22 in which said blodc copolymer is present in 
an amount of from 0.00001 to 75% weight 
based on the total wei^t of the aqueous 
sohidon. 

24. An aqueous solution as claimed in 

23 in which the block copolymer is present 'n 
an amount of from 0.0001 to 1% by weight. 

25. A compositicm for reducing the surface 
tension of an aqueous solution substantially 
as herein described with reference to £xamide 

1- .. 75 

26. A composition for reducing the surface 
tension of an aqueous solution subscantiaily 
as herein described wilh reference to ISsm.- 
ple 2. 

27. An aqueous solution substantially as 80 
hereinbefore described with reference to 
Example 1. 

28. An Aqueous solution substantially as 
herdnbefore described vrith reference to 
Example 2. 35 

W. P. THOMPSON & CO., 
12, Ciurdi Street;, Liverpool, 1, 
Chartered Patent Agents. 
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